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The 3' ends of most eukaryotic messenger RNAs are generated by internal cleavage and polyadenylation. In mammals, there is a strict dependence of both reactions on the sequence AAUAAA, which occurs upstream of polyadenylation [poly(A)] sites and which is recognized by CPSF. In contrast, cis-acting signals for yeast 3'-end generation are highly divergent from those of mammals, suggesting that trans-acting factors other than poly(A) polymerase would not be conserved. The essential yeast protein Brr5/Yshl shows sequence similarity to subunits of mammalian CPSF and is required for 3'-end processing in vivo and in vitro. These results demonstrate a structural and functional conservation of the yeast and mammalian 3'-end processing machineries despite a lack of conservation of the cis sequences.
The 3' ends of most eukaryotic mRNAs are generated by a two-step mechanism in which endonucleolytic cleavage of the transcript is closely coupled with poly(A) addition (1). The virtually invariant sequence AAUAAA that lies 10 to 30 nucleotides upstream of mammalian poty(A) sites is essential to poly(A) site recognition and 3'-end formation (1 for viability (11) . Surprisingly, the amino acid sequence showed sequence similarity through its entire length to the 100-kD subunit of bovine CPSF (12), with 23% identity and 48% similarity overall (Fig. 1) . Even stronger similarity was apparent upon subsequent comparison to the 73-kD subunit of bovine CPSF [whose sequence was provided by Jenny et al.; (13)], with 53% identity in the first 500 amino acids (Fig. 1) . Finally, Brr5/ Yshl and the CPSF subunits bear sequence similarity to a predicted open reading frame from the cyanobacterium Synechocystis, which we name bfh for Brr five homolog (Fig. 1) .
To test the involvement of Brr5/Yshl in yeast 3'-end formation, we first investigated whether the brr5-1 mutation influences this reaction in vivo. Both brr5-1 and isogenic wild-type cells were shifted to the restrictive temperature (15?C), and mRNAs from the CUP] gene were detected by RNA blotting (Fig. 2A) [CUP] was previously shown to be sensitive to defects in 3' processing; (14) ]. The accumulation of longer forms of CUP] transcripts in the brrS-1 strain at the restrictive temperature suggests that the brr5-1 mutation disrupts 3'-end processing and that the 3' processing machinery is unable to efficiently recognize or cleave the proper 3' processing signals (15). To confirm and extend this result in vitro, we prepared 3' processing extracts from wild-type and brr5-1 strains, with which radioactive precursors containing CYCI cleavage-polyadenylation signals were incubated at restrictive and permissive temperatures (Fig. 2B) . Mutant extracts showed a defect in the polyadenylation step at the restrictive temperature (Fig. 2B, lanes 5 and  6) . This defect was partially relieved at the permissive temperature (compare lanes 7 and 8), while cleavage was not affected (16) . In an independent test of the role of Brr5/Yshl in vitro, we immunodepleted extracts containing an epitope-tagged version of the Brr5/Yshl protein (17). Both cleavage and polyadenylation were inhibited (Fig. 3, lane 5) . This inhibition was specific for the depletion of Brr5/Yshl1 because REPORTS mock depletion with protein A-Sepharose beads alone (Fig. 3, lane 4) or immunodepletion of an extract from a strain containing untagged Brr5/Yshl (lane 2) resulted in no significant defect. Moreover, the inhibition of cleavage and polyadenylation was efficiently blocked by the addition of peptide competitor of the epitope tag (lane 6). These results could be explained by a model in which Brr5/Yshl functions in both steps of the 3' processing reaction. Alternatively, Brr5/Yshl may associate with a factor required for cleavage in vitro, and this factor is coimmunodepleted with epitope-tagged Brr5/Yshl. For example, immunodepletion of Fipl from extracts inhibits not only polyadenylation, which one would expect for a component of PFI, but also decreases the efficiency of cleavage (7); the last-mentioned effect can be explained by the association of Fipl with Rnal4 (7), which is required for cleavage (6).
To determine whether Brr5/Yshl associates with other 3' processing factors, we fractionated extracts by Mono Q chromatography [ Fig. 4A; (5) ]. Analysis of the fractions by immunoblotting revealed that most of the Brr5/Yshl protein cofractionated with Fipl, a component of PFI (7). Further evidence for the association of Brr5/Yshl with PFI was provided by the observation that antibodies to Fipl (7) could coimmunoprecipitate Brr5/Yshl (18). In addition, CFII activity, defined by cleavage reconstitution assays, cofractionated with Brr5 and PFI. (Fig. 4A ). An association between CFII and PFI would offer an attractive explanation for the decreased cleavage activity observed on immunodepletion of Brr5/Yshl (Fig. 3A) . Consistent with this possibility, fractions containing PFI and CFII and enriched in Brr5/Yshl can complement the cold sensitivity of polyadenylation in the brr5-1 mutant extract (Fig. 4B), as well as the  polyadenylation (Fig. 4B) and cleavage  (Fig. 4C) . This strain was crossed to a ura3 brr5-1 strain, the diploid was sporulated, and the meiotic progeny were assessed for cold sensitivity (cs) and uracil auxotrophy. Among 18 tetrads, all of the cs spores were also uracil auxotrophs, whereas all cold-resistant spores were uracil prototrophs, indicating linkage of the markers. To determine whether BRR5/YSH1 is essential, we prepared a disrupted version by replacing almost the entire coding sequence with the LEU2 gene. This disrupted allele was used to replace one copy of BRR5/YSH1 in a wild-type diploid strain by homologous recombination. A diploid heterozygous for the BRR5/YSH1 disruption was sporulated, and the resulting ascospores were dissected. Each of the 12 ascii dissected gave rise to only two colonies, both leucine auxotrophs, indicating that BRR5/YSH1 is essential for viability. 
